Antioxidant capacities (AOCs) and total phenolic (TP) content of 11 species of Polygonaceae from Mongolia were evaluated using diphenyl picrylhydrazyl radical (DPPH), oxygen radical antioxidant capacity (ORAC) and Folin-Ciocalteu (F-C) assays. Additionally, total quercetin content was determined by high performance liquid chromatography (HPLC) after acid hydrolysis. These plant extracts showed high AOCs using both DPPH (111.9-950.5 μmol Trolox equivalent (TE) /g.dw) and ORAC assays (770.7-2307.9 μmol TE/g.dw), and high TP contents (20.84-113.86 mg Gallic acid equivalent (GAE)/g.dw). AOCs were positively correlated with TP content (DPPH: r = 0.98; ORAC: r = 0.83). Moderate correlations were observed between AOCs and total quercetin content (DPPH: r = 0.58; ORAC: r = 0.51). These results suggest that quercetin glycosides may be one of the important contributors to AOCs of Mongolian Polygonaceae species.
Introduction
Plants contain a wide variety of chemical constituents possessing potent antioxidant capacity. In recent years, phenolic compounds have attracted much attention because of their potential antioxidative properties and probable roles in the prevention of oxidative stress-associated diseases, such as atherosclerosis and cancer. The importance of the antioxidant constituents derived from plant materials in the maintenance of human health and protection from disease is also of interest to scientists, food manufacturers, and consumers.
The Polygonaceae (buckwheat family) includes many species of wild plants that grow in Mongolia, and the leaves, stalks, seeds and roots have long been used in traditional dishes and medicines. Polygonaceae plants have been widely used as Mongolian folk medicines for treating various infections and inflammations, among other ailments (Ligaa and Tsembel, 2003; Ligaa, 1982; Markova et al., 1985) . Much effort has been made to clarify the chemical composition (Markova et al., 1985) , and pharmacological capacity of plants belonging to this family. Flavonoids (Markova et al., 1985; Smolarz, 2002; Datta et al., 2000; Peng et al., 2003) , quercetin and rutin (Datta et al., 2000; Fabjan et al., 2003; Liu and Zhu, 2007; Badamtsesteg, et al., 2003) have been isolated from some species. In addition, Polygonaceae plants are grown in large scale in Mongolia and, therefore, draw attention as potential rich sources of flavonoids. However, Polygonaceae species grown in Mongolia have not been studied for physiologic functional properties. Therefore, a survey of AOCs and antioxidant constituents of these herbs will help in determining the course for developing functional foods and in clarifying the proper use of herbs selected from these species.
The present work was conducted to study the AOCs of 11 Mongolian Polygonaceae species using F-C, DPPH and ORAC assays. To gain a more detailed understanding of their antioxidant properties, total quercetin content was also evaluated.
Materials & Methods
Chemicals F-C phenol reagent, sodium carbonate, gallic acid, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), fluorescein sodium salt (FL), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and quercetin were purchased from Sigma-Aldrich (St. Louis, MO, USA), and 2,2-azobis (2-amidinopropane) dihydrochloride (AAPH) and other chemicals were obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Plant material and Preparation of extracts Eleven
Polygonaceae species from Mongolia used in this study are shown in Table 1 . Edible parts of these plants (herbs) were selected according to traditional folk medicine uses and based on ethnobotanical scientist's advice and Mongolian scientific literature. Plants were collected in the middle or end of July or August in 2008 at several locations in Mongolia and were dried in a shaded area. After pulverization, they were packed in paper bags and stored in a cold room (around 0℃) until analysis. Dried sample powder (0.2 g) was added to a 10-mL screw-cap tube with 8 mL of acetone/water/acetic acid (70:29.5:0.5; AWA) and shaken overnight by orbital shaker. Following centrifugation at 2000 × g for 10 min, the supernatant was collected, and the residue was re-extracted with AWA. Three extracts were prepared for each plant sample. DPPH assay DPPH radical scavenging capacity of AWA extract was examined according to the method of Oki et al. (2001) with slight modifications. Briefly, the same volume of 30% acetone and AWA extract were mixed, and the mixture was further diluted with 50% acetone. Then, 50 μL o. tSeye-oidov et al. (Ligaa and Ochirbat, 2005) . Jul.=July, Aug.=August of diluted AWA extract and 50 μL of 0.2 M morpholinoethanesulfonic acid buffer (pH 6.0) were placed in a 96-well microplate (Becton Dickinson, NJ, USA). The reaction was initiated by adding 50 μL of 800 μM DPPH in EtOH. After incubating for 20 min at room temperature, the absorbance at 520 nm was measured using a microplate reader (Powerscan HT, DS Pharma Biomedical, Osaka, Japan). DPPH radical scavenging capacity was expressed as micromole Trolox equivalent per gram of dry sample weight (μmol TE/g. dw). All the determinations were carried out in duplicate.
ORAC assay ORAC assay was performed with modifications on a method based on Cao et al.(1993) , Huang et al.(2002) , Prior et al. (2003) and Mikami et al.(2009) . In brief, AWA extracts and Trolox were diluted with 75 mM disodium phosphate buffer (pH 7.4). Then, 20 μL of 50, 25, 12.5 and 6.25 μM Trolox standard solutions and the diluted samples were added to a 96-well microplate (Becton Dickinson). Following the addition of 200 μL of 94.4 nM FL to the wells, the plates were incubated for 10 min at 37℃, and 75 μL of 31.7 mM AAPH was added. Fluorescence was measured at 37℃, every 2 min for 90 min by a plate reader (Powerscan HT, DS Pharma Biomedical) with an excitation wavelength of 485 nm and an emission wavelength of 530 nm. ORAC values were expressed as μmol TE/g.dw. All measurements were done in duplicate.
Determination of TP TP content was measured by the Folin-Ciocalteu (F-C) assay (Sun et al., 2005 , Velioglu et al., 1998 with slight modification. Briefly, concentrated F-C reagent was diluted 1:1 with water. Reaction mixture containing 10 μL of diluted AWA extract, 60 μL of distilled water and 15 μL of diluted F-C reagent was placed in a 96-well microplate and incubated for 5 min at room temperature. After the addition of 75 μL of 2% (w/v) sodium carbonate, the plate was allowed to stand for 15 min at room temperature. Absorbance at 750 nm was measured by a microplate reader (Powerscan HT, DS Pharma Biomedical). TP content was expressed as milligram gallic acid equivalent per gram of dry weight (mg GAE/g.dw). All measurements were done in duplicate.
Quantification of TQ The AWA extracts of plant samples were dried under nitrogen gas, and then dissolved in methanol. After addition of HCl (final concentration, 1.2 M), the mixtures were heated at 80℃ for 2 hr. Rhamnetin (20 μg/mL) was added to the aliquots as an internal standard, and the quercetin content was quantified by HPLC equipped with an YMC-pack Pro C18 (YMC, Kyoto, Japan; 4.6 × 250 mm). Gradient elution was performed with solution A (35% acetonitrile and 0.1 % trifluoroacetic acid, TFA) and solution B (55 % acetinitrile and 0.1 % TFA) delivered at a flow rate of 1 mL/min as follows: initially, 100% of solution A; for the next 20 min, 0-100% of solution B; and finally, 100% B for the next 10 min. Column temperature was set at 40℃. Detection of quercetin and rhamnetin was accomplished at 360 nm. All measurements were performed in duplicate.
Statistical analysis The means, standard deviations, and Pearson's correlation coefficient (r) were calculated using Microsoft Excel 2003.
Results & Discussion
Antioxidant capacities (AOCs) and TP content In the DPPH assay, large variation was observed in AOC among 11 Polygonaceae species grown in Mongolia; P. sibiricum showed the highest AOC (950.5 μmol TE/g.dw), and in contrast, Rh. undulatum showed the lowest AOC (111.9 μmol TE/g.dw), which represents a variation of approximately 8.5-fold. Four species (P. sibiricum, P. angustifolium, R. gmelinii, and P. divaricatum) showed high AOCs ( > 600 μmol TE/g.dw), two species (R. acetosella and P. viviparum) showed medium AOCs (300-600 μmol TE/g.dw), and the remaining five (F. tataricum, P. aviculare, P. alopecuroides, P. convolvulus and Rh. undulatum) showed low AOCs ( < 300 μmol TE/g.dw). ORAC values ranged from 770.7 to 2307.9 μmol TE/g.dw, which represents a variation of approximately 3-fold ( Table 2 ). The order of magnitude of the ORAC values was almost identical to that of DPPH values. Exceptionally, Rh. undulatum was categorized to the low AOC group by DPPH assay (111.9 μmol TE/g.dw), although it showed high AOC by ORAC assay (1631.0 μmol TE/g.dw). In the F-C assay, TP content ranged from 20.8 to 113.9 mg GAE/g.dw. The TP content of Polygonaceae species decreased in order as follows: R. gmelinii > P. angustifolium > P. sibiricum > P. divaricatum > P. viviparum > R. acetosella > F. tataricum > Rh. undulatum > P. aviculare > P. alopecuroides > P. convolvulus. Lee et al. (2008) reported AOCs of 25 Chinese medical herbs by DPPH and F-C assay; DPPH ranged from 0.37 to 384.6 (μmol TE/g.dw) and TP content ranged from 1.6 to 229.7 (mg GAE/g.dw), showing that DPPH values and TP contents of Mongolian herb used in this study were almost the same level of those of Chinese herbs. Wu et al. (2004) reported ORAC values and TP content of more than 100 different foods, including spices. ORAC values of spices (cinnamon: 2675.4 μmol TE/g.dw, oregano leaf: 2001.3 μmol TE/g.dw, turmeric: 1592.8 μmol TE/g.dw) were almost the same as that of R. gmelinii (2307.9 μmol TE/g.dw). Among 11 species in Polygonaceae, P. sibiricum Laxm showed high AOC by both DPPH and ORAC assays. The root of P. sibiricum Laxm has been used for cholecystitis and gastrointestinal diseases such as enteritis and colitis in Tibet folk medicine (Ligaa, 1982) .
Relationship between TP, DPPH and ORAC TP, DPPH and ORAC values of 11 Polygonaceae species in Mongolia were positively correlated with each other (Table 3(A) and Fig. 1 ). Correlation coefficient between TP and DPPH values was higher than that between TP and ORAC (Table 3(A)). AOC assays can generally be classified into two types: hydrogen atom transfer (HAT) reactions or electron transfer (ET) assays. It is reasonable that the correlation between TP and DPPH values is higher than those between TP and ORAC values and between DPPH and ORAC values because ORAC is a HAT-based assay. On the other hand, DPPH and F-C assays are ET-based. Correlation coefficients between TP, DPPH and ORAC values of all 11 Polygonaceae species were lower than those of 7 Polygonum genera (Tabale 3(A) and 3(B)). Thus, it is possible that plants belonging to Polygonum genera have similar compositions of antioxidative compounds.
Total quercetin (TQ) content in Polygonaceae species Contents of selected polyphenolic compounds (quercetin, isoquercitrin, rutin, caffeic acid, ferulic acid and chlorogenic acid) in AWA extracts of Polygonaceae species were analyzed using HPLC. As a result, the levels of caffeic acid, ferulic acid and chlorogenic acid were very low. On the other hand, peaks corresponding to rutin, hyperoside, and isoquercitrin were clearly detected (data not shown). These results suggest that quercetin glycosides mainly contributed to the AOCs of Mongolian Polygonaceae species. Therefore, phenolic glycosides were hydrolyzed and TQ content were analyzed ( Table  2 ). The content of TQ ranged from 13.26 to 54.95 μmol/g of dried material. The highest TQ content was observed in R. gmelinii followed by F. tataricum, P. sibiricum and P. alopecuroides. Moderate amounts were found in P. divaricatum, P. angustifolium, R. acetocella, P. convolvulus and Rh. undulatum, whereas low amounts were observed in P. viviparum and P. aviculare. Although flavonoid content (Fabjan et al., 2003; Liu and Zhu, 2007) and AOCs (Liu et al., 2008) of F. tataricum and another kinds of cultivated buckwheat, F. esculentum Moench, were extensively studied, TQ content of Mono. tSeye-oidov et al. Table 2 were used for regression analysis.
(A) 11 Polygonaceae species, (B) 7 species (All the Polygonum genera species), and (C) 6 species (Polygonum genera except for P. alopecuroides) were used for comparison.
golian Polygonaceae species have not been reported. Miean and Mohamed (2001) reported the TQ of 62 edible tropical dried plants after the hydrolysis of the extracts. Among them, onion leaves showed the highest TQ content (1.50 mg/g.dw). In our study, the plant (aerial part of) Rm. gmelinii had the highest TQ content (18.75 mg/g.dw) and the lowest TQ content was observed in P. aviculare (4.49 mg/g.dw). Therefore, Mongolian Polygonaceae species contained from 3.0-to 12.5-fold higher TQ content than food rich in quercetin like onion leaves (about 1.5 mg/g). Correlation coefficients among AOCs, TP and TQ content As shown in Table 3 , pair-wise correlation between AOCs, TP and TQ content were performed. Although TQ and AOC parameters of 11 species in Polygonaceae showed positive correlations, correlation coefficients were relatively small (Table 3(A) ). On the other hand, the correlation coefficients of the 7 species in Polygonum genus (r: 0.65-0.69), and those in the Polygonum genus, except for P. alopecuroides, showed higher correlations (r: 0.89-0.95). These results suggest that 7 Polygonum species (in particular, 6 of them) have similar antioxidant compositions; on the other hand, the other 4 species (R. gmelinii, R. acetocella, F. tataricum and Rh. undulatume) have distinct antioxidant compositions. Although P. alopecuroides and P. aviculare showed similar AOCs (DPPH and ORAC) and TP content, TQ content differed greatly (46.91 and 13.26 μmol/g.dw., respectively). There are two possible explanations for this apparent contradiction: 1) P. alopecuroides contains higher amounts of quercetin glycosides possessing smaller DPPH, ORAC and TP values than P. aviculare, 2) P. aviculare contains a higher amount of antioxidative compounds other than quercetin glycosides than P. alopecuroides. Further studies will be necessary to elucidate these differences in the correlation values.
Correlation coefficients between TQ content and DPPH values were higher than those between TQ content and ORAC values (Table 3(A)-(C)). Relative ORAC value of quercetin, rutin and isoquercitrin were 1.00, 0.88 and 0.86, respectively, suggesting that quercetin glycoside showed almost the same ORAC values as quercetin (aglycone). On the other hand, quercetin glycosides showed lower DPPH values than aglycone. Relative DPPH value of quercetin, rutin and isoquercitrin were 1.00, 0.27 and 0.53, respectively. These results may account for the differences in correlation coefficients between TQ contents and ORAC or DPPH values. Quantification of the constituents might provide good information necessary for furthering our understanding of AOCs for each sample.
In this study we evaluated antioxidant properties of 11 species of Polygonaceae from Mongolia using ORAC, DPPH and F-C assays, and HPLC. These species showed high AOC and TP contents. Moreover, TQ content was positively correlated with AOC. Although further studies, such as bioassays, are needed to recognize detailed characteristics of these Relationship between antioxidant capacity (AOC) and phenolic content of 11 Polygonaceae species in Mongolia. (A) DPPH capacity (μmol TE eq./g.dw) and total phenolic (TP) content (mg Gallic acid eq./g.dw), (B) ORAC (μmol TE eq./g.dw) and TP content, (C) DPPH capacity and ORAC. Mean values for Polygonaceae species were used for the plots: ○, 11 Polygonaceae species; ▲, 6 Polygonum genera except for P. alopecuroides (alop). gm, acet and und indicates Rumex gmelinii, Rumex acetosella and Rheum undulatum, respectively. plants, these Polygonaceae herbs, which are commonly consumed in Mongolia, are promising candidates for functional foods and nutritional supplement ingredients.
